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Abstract  28 
Background: The preference amongst parents for heavier infants is in contrast to obesity 29 
prevention efforts worldwide.  Parents are poor at identifying overweight in older children, 30 
but few studies have investigated maternal perception of weight status amongst toddlers, and 31 
none in the Australian setting.   32 
Methods: Mothers (n=290), completed a self-administered questionnaire at child age 12-16 33 
months, defining their child’s weight status as underweight, normal weight, somewhat 34 
overweight or very overweight.  Weight-for-length z-score was derived from measured 35 
weight and length; and children categorised as underweight, normal weight, at risk, 36 
overweight or obese (WHO standards).  Objective classification was compared with maternal 37 
perception of weight status.  Mean weight-for-length z-score was compared across categories 38 
of maternal perception using one-way ANOVA.  Multinomial logistic regression was used to 39 
determine child or maternal characteristics associated with inaccurate weight perception. 40 
Results: Most children (83%) were perceived as normal weight.  Twenty nine were described 41 
as underweight, though none were.  Sixty six children were at risk of overweight, but 57 of 42 
these perceived as normal weight.  Of the 14 children who were overweight, only four were 43 
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identified as somewhat overweight by their mother.  Compared to mothers who could 44 
accurately classify their normal weight child, mothers who were older had higher odds of 45 
perceiving their normal weight child as underweight, while mothers with higher BMI had 46 
slightly higher odds of describing their overweight/at risk child as normal weight.   47 
Conclusion: The leaner but healthy weight toddler was perceived as underweight, while only 48 
the heaviest children were recognised as overweight.  Mothers unable to accurately identify 49 
children at risk are unlikely to act to prevent further excess weight gain.  Practitioners can 50 
lead a shift in attitudes toward weight in infants and young children, promoting routine 51 
growth monitoring, and adequate but not rapid weight gain.    52 
Introduction 53 
Experiences in early childhood lay the foundations of food preferences, growth 54 
trajectory and disease risk in adult life.  The Barker hypothesis, which proposed the concept 55 
of foetal origins of disease (Godfrey and Barker 2001) has been expanded to include not only 56 
intrauterine growth but also growth during childhood (Agostoni et al. 2013).  Ten years ago a 57 
systematic review of 24 studies identified the relationship between more rapid growth in 58 
infancy and greater risk of obesity in childhood, adolescence and early adulthood with odds 59 
ratios and relative risk ranging from 1.17 to 5.70 (Baird et al. 2005).  This predictive link has 60 
been supported in numerous reviews (Druet et al. 2011; Ong and Loos 2006; Weng et al. 61 
2012),  yet in the community emphasis still remains largely on weight as a measure of a 62 
baby’s progress – with more weight gain perceived as better.   63 
Inadequate weight gain and underweight are common concerns amongst mothers of 64 
young children and more mothers report concerns about underweight than overweight 65 
(Campbell et al. 2006; Chan et al. 2011).  This may stem from the common perception, seen 66 
across cultures, that a ‘chubby’ baby who eats ‘well’ represents contentment and health 67 
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(Worobey and Lopez 2005; Sullivan et al. 2011).   The apparent preference for heavier 68 
infants and toddlers is reflected in studies showing parents prefer children to track at higher 69 
percentiles on growth charts compared with normal growth trajectories on lower percentiles 70 
(Kroke et al. 2006; Laraway et al. 2010).  Parents of children aged between 6 and 27 months 71 
in the United States (N=279) were asked to interpret hypothetical growth patterns on growth 72 
charts (Laraway et al. 2010).    Half of the participants ranked the chart which demonstrated 73 
consistent growth along the 10th percentile as least healthy while a third chose charts with 74 
growth at the 90th percentile as healthiest.  When asked to describe their own child’s weight, 75 
which was subsequently compared with the child’s measured weight-for-age percentile, 52 76 
children were >75th percentile with 40 parents labelling this as ‘just right’ and one as ‘low’.  77 
Similarly, in the German Dortmund Nutritional and Anthropometric Longitudinally Designed 78 
Study (DONALD), (Kroke et al. 2006) mothers (N=253) were asked to rate their 12-month-79 
old child’s weight as ‘too low’, ‘just right’ or ‘too high’.  Using measured height and weight, 80 
53 children were classified as overweight (BMI >85th percentile), but 38 of these children 81 
were perceived as ‘just right’.  Parents are also poor at identifying overweight in school-age 82 
children, a finding consistent across countries (Doolen et al. 2009).  Overall, children within 83 
the normal weight range tend to be classified as underweight while overweight children are 84 
perceived as normal weight.  85 
 Inaccurate weight perception is of concern for two reasons.  Firstly, if parents are 86 
unable to recognise that their child is at risk for overweight, they cannot intervene early to 87 
prevent further excess weight gain (Warschburger and Kröller 2012).  Secondly, if perception 88 
influences the use of parental feeding practices (Hager et al. 2012), particularly a perception 89 
that is incorrect, parents may inadvertently employ practices that facilitate the development 90 
of overweight and obesity in their child e.g. the use of pressure to eat with the leaner child 91 
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(Farrow and Blissett 2008).  This is in stark contrast to the emphasis on obesity prevention 92 
amongst researchers and practitioners worldwide.   93 
There are very few studies assessing parent’s perceptions of their toddler’s weight 94 
(Kroke et al. 2006; Laraway et al. 2010) – a key time in the transition from the milk-based 95 
diet of infancy to family foods - and none in the Australian setting. Rate of growth (i.e. 96 
weight gain) slows in the toddler years in comparison to infancy (Colson and Dworkin 1997), 97 
which may prompt concern in mothers accustomed to using weight gain as a  98 
measure of a child’s progress.  This paper aims to compare actual child weight status with 99 
maternal perception of weight status in first-born Australian children aged 12-16 months, and 100 
investigate maternal and child factors associated with maternal perception.  101 
Methods 102 
This is a cross-sectional analysis of data from mother-child dyads participating in (1) the 103 
control group of NOURISH (n=271), a randomised controlled trial evaluating the effect of an 104 
intervention to promote positive feeding practices in very young children (Daniels et al. 105 
2009), and (2) an additional sample of mothers recruited for the South Australian Infants 106 
Dietary Intake (SAIDI) Study (n=19).  This concurrent observational study used the same 107 
protocols for recruitment as well as assessment of weight perception and anthropometry as in 108 
NOURISH (described below), though eligibility for NOURISH was limited to primiparous 109 
women.  This was to limit bias associated with prior knowledge and experience of infant 110 
feeding that women may have from caring for other children.  111 
Recruitment has been published in detail (Daniels et al. 2009; Daniels et al. 2012), however 112 
selection of first-time mothers for inclusion in this analysis (n=290) is shown in Figure 1.  113 
Briefly, mothers at three maternity hospitals in Brisbane, Queensland and 12 hospitals in 114 
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South Australia were approached within 72 hours post-partum using consecutive sampling.  115 
Eligible mothers were asked to provide consent to be contacted (recruit one) when infants 116 
were four- to seven-months-of-age, for full enrolment in the studies (recruit two).  While 117 
consent and retention rates were comparable to similar studies, mothers who did not consent 118 
or withdrew were younger with lower prevalence of university education (Daniels et al. 119 
2012). 120 
Approval was gained from a total of eleven human research ethics committees including the 121 
recruitment hospitals, the Queensland University Technology and Flinders University (QUT 122 
HREC 00171 Protocol 0700000752). 123 
This analysis utilises data from the assessment that occurred when children were 12-16 124 
months of age, collected between June 2009 and June 2010.  This age range was chosen in 125 
order to assess maternal perception during a time that children undergo key developmental 126 
and physiological changes - the transition from the milk-based diet of infancy to family 127 
foods, the development of autonomy and independence (Forman 2007) and slowing of 128 
growth rate.  Participants attended study specific assessment clinics where child length and 129 
weight were measured by trained staff using a standard protocol.  Length was measured 130 
twice, with child lying on an infant measuring board, to the nearest 0.1cm.  A third 131 
measurement was taken if the first two differed by more than 0.5cm.  Weight was measured 132 
twice to the nearest 10 grams, lying or sitting on electronic infant scales without clothes or 133 
nappy, except a singlet.  A third measurement was taken if the first two differed by more than 134 
50 grams.  Mothers completed a self-administered questionnaire in which they were asked 135 
‘do you think your child is...?’ with response categories: underweight, normal weight, 136 
somewhat overweight, very overweight or don’t know.  Demographic data were collected 137 
during initial recruitment in hospital and maternal body mass index (BMI) from measured 138 
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height and weight when child was aged 4-7 months (height was measured once using a 139 
stadiometer to the nearest 1.0cm.  Weight was measured once to the nearest 10g, adult 140 
standing on electronic scales on a hard, flat surface, with no shoes).  141 
Weight-for-length z-scores (WLZ) were calculated using WHO Anthro software (World 142 
Health Organisation 2009).  Z-scores were exported into SPSS 19.0 for analysis and children 143 
categorised as underweight (WLZ less than -2.01), normal weight (WLZ between -2 and 1), 144 
at risk of overweight (WLZ between 1.01 and 2), overweight (WLZ between 2.01 and 3), or  145 
obese (WLZ greater than 3) using WHO standards (World Health Organisation 2006).  146 
Within each of these categories, the proportion of mothers choosing each category of weight 147 
perception was determined.  One-way ANOVA was used to compare mean weight-for-length 148 
z-score across categories of maternal perception.  Multinomial logistic regression was used to 149 
determine which characteristics (child age, birthweight, gender, maternal BMI, age at child’s 150 
birth, tertiary education) were associated with a mother accurately perceiving child as normal 151 
weight versus classifying a normal weight child as underweight, or a child who is 152 
overweight/at risk as normal weight.  Results are presented as odds ratios and 95% 153 
confidence intervals. 154 
Results 155 
Weight and length data were available for 290 children (NOURISH, n=271; SAIDI, n=19).  156 
Characteristics of children and mothers are shown in Table 1.  Actual weight status of 157 
children and prevalence of maternal perception of child weight status is shown in Table 2.  158 
Most children (83%) were perceived as being normal weight and 72% were within the 159 
healthy weight range.  Twenty nine children were described as underweight, though none of 160 
these children were classified as underweight using WHO standards (World Health 161 
Organisation 2006).  Of the 14 children who were overweight, only four were identified as 162 
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somewhat overweight by their mother.  One-way ANOVA revealed a linear trend, with mean 163 
WLZ increasing across categories of maternal perception of child weight status, F(2,282) = 164 
28.06, p<0.001, r=0.17.  Post-hoc testing using Hochberg’s GT2 confirmed that each 165 
category was significantly different from the other two (p<0.001 for all comparisons).  The 166 
regression model shown in Table 3, explained only a small amount of variance in accuracy of 167 
maternal perception; x2(12)=23.80, p=0.02, R2=0.10 (Nagelkerke).  Compared to mothers 168 
who could accurately classify their child as normal weight, mothers who were older had 169 
higher odds of perceiving their normal weight child as underweight, while mothers with a 170 
higher BMI when the child was aged 4-7 months had slightly higher odds of describing their 171 
overweight/at risk toddler as normal weight.   172 
Discussion 173 
Amongst this group of Australian mother-toddler dyads there was an overall trend for 174 
mothers to underestimate their child’s weight.  These findings reflect those found amongst 175 
studies of older children (Doolen et al. 2009).    Not unexpectedly, no participants were 176 
objectively classified as underweight in this sample of community dwelling, healthy children.  177 
However, 10% of children were perceived as underweight - consistent with common 178 
concerns amongst mothers of young children (Chan et al. 2011), and it was relatively leaner 179 
(but healthy weight) children that were being described as underweight.  180 
Given the trend of increasing WLZ across categories of weight perception, it seems that only 181 
the heaviest children are recognised as overweight by their mothers.  It is possible that this 182 
extends beyond the notion that a chubby baby is healthy and reflects a belief that very young 183 
children cannot actually be ‘overweight’.  Perhaps there is an age, below which excess 184 
adiposity amongst children is seen as normal.  Mothers of 12- to 25-month-old children 185 
(n=50) in the United States (Holub and Dolan 2012), were given three standardised pictures, 186 
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each depicting nine babies, children or adults, with a balanced distribution of body sizes from 187 
very thin to very overweight.  The women were asked to select which figures represented a 188 
healthy body size and which represented overweight.  Mothers rated significantly more body 189 
sizes as healthy for infants than for children or adults, a mean of 3.9 figures (out of 9) 190 
compared with 2.7 for both children and adults, and rated fewer images as overweight for 191 
infants, than for children or adults (2.8 versus 3.4 versus 4.1).  This suggests greater tolerance 192 
for excess adiposity at younger ages.  This is of concern given 23% of toddlers within the 193 
current sample were objectively classified at risk of overweight while 5% were already 194 
overweight/obese with childhood overweight likely to track into adolescence and adulthood 195 
(Magarey et al. 2003; Whitlock et al. 2005).  The finding that mothers with a higher BMI had 196 
slightly higher odds of describing their overweight/at risk child as normal weight, compared 197 
to mothers who could accurately classify their child as normal weight is also consistent with 198 
findings amongst parents of older children (Doolen et al. 2009).  How then do practitioners 199 
address misperception of child weight, which is perhaps compounded by a parent’s own 200 
weight perception? 201 
Understandably, parents and practitioners may be reluctant to label a very young child as 202 
overweight or at risk.  However, it is important to consider the consequences of not doing so - 203 
in 2011-12, 23% of Australia children aged 2-4 years were classified as overweight/obese 204 
(Australian Bureau of Statistics 2013; Cole et al. 2000).  In addition, tools are readily 205 
available for monitoring growth in early life.  In 2012, all Australian states and territories 206 
adopted the WHO growth standards (World Health Organisation 2006) for use with children 207 
0-2 years of age (National Health and Medical Research Council 2012).  However the 208 
common emphasis on frequent weighing of children in the early months of life - with higher 209 
weight gain being perceived as better - may be increasing obesity risk.  Instead, routine 210 
monitoring of weight and height using growth standards, along with behavioural and 211 
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developmental milestones, throughout infancy and childhood should be the norm.    212 
Qualitative research, exploring concerns and attitudes regarding weight in early childhood 213 
may inform the development of interventions designed to help both parents and health 214 
professionals understand normal child growth and the disadvantages of rapid weight gain in 215 
the first two years of life (Baird et al. 2005; Druet et al. 2011; Ong and Loos 2006; Weng et 216 
al. 2012).  This will also require well-defined and accessible referral pathways so that if a 217 
concern with growth is identified, families have access to services providing preventative 218 
care and treatment. 219 
Strengths of this study include measured child height and weight using standard protocol and 220 
concurrent assessment of anthropometry and maternal perception. A sample with a majority 221 
of participants with a university education - 61% compared with 40% of Australian women 222 
aged 25–29 years (Australian Bureau of Statistics 2013) - and higher family income is 223 
generally considered a limitation.  However parental underestimation of child weight seems 224 
to be independent of culture and socioeconomic advantage.  While the sample size was 225 
relatively large, it is not adequate for exploration of sub-groups, for example, characteristics 226 
of the four mothers who were able to accurately describe their child as overweight or three 227 
mothers that perceived their normal weight child as overweight.  Inadequate power may also 228 
be why minimal variance was explained in the regression that was conducted.   Research 229 
investigating the implications of underestimating (or overestimating) a child’s weight on 230 
feeding practices and meal-time environment could provide insight into the development of 231 
overweight.   232 
Conclusion 233 
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The leaner but healthy weight toddler was perceived as underweight, while only the heaviest 234 
children were recognised as overweight.  Findings highlight societal perceptions of 235 
overweight in very young children and have implications for the early detection and 236 
treatment of overweight and obesity - mothers unable to accurately identify children at risk 237 
are unlikely to act to prevent further excess weight gain.  This is problematic given 23% of 238 
toddlers in the sample were classified at risk of overweight and 5% overweight/obese (World 239 
Health Organisation 2006). Practitioners can lead a cultural shift in attitudes toward weight in 240 
infants and young children, promoting routine growth monitoring, and adequate but not rapid 241 
weight gain.   242 
 Key messages: 243 
 Amongst a sample of 290 healthy Australian toddlers aged 12-16 months, 23% were 244 
classified at risk of overweight and 5% overweight/obese using WHO growth 245 
standards 246 
 Most children were perceived as being a normal weight.  The leaner, but healthy 247 
weight child tended to be perceived as underweight, while it seems only the heaviest 248 
children are recognised as overweight by their mothers   249 
 Practitioners have a key role in advocating a cultural shift in attitudes toward weight 250 
in very young children, promoting routine growth monitoring and adequate, but not 251 
rapid, weight gain 252 
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 331 
Figure 1. Recruitment and selection of participants within NOURISH and the South 332 
Australian Infants Dietary Intake (SAIDI) studies, with measured anthropometric data, 333 
for inclusion in secondary data analysis 334 
a Inclusion criteria: mother ≥18years, willing and able to attend assessment sessions, facility with English; 335 
healthy infant ≥35 weeks gestation and birth weight ≥2500g.  Exclusion criteria: maternal self-reported eating 336 
disorder/psychiatric disorder/mental health problem; infant  with diagnosed congenital abnormality or chronic 337 
N= 290 with completed questionnaire and measured anthropometric data
included in this secondary analysis
NOURISH control group n= 271 SAIDI first-time mothers  n= 19
Assessment at child age 12-16 monthsb
NOURISH control group n= 293 SAIDI n= 225,first-time mothers n= 68
Recruit two 
Children age 4-7 monthsb, mother consents to participate i.e. full study enrolment
NOURISH n= 698,
allocated to control group n= 346 SAIDI n= 289
Recruit one 
Within 72 hours post-partum, mother consents to be contacted at 4-7 months
NOURISH n= 2169 SAIDI n= 797
Eligible
NOURISH n= 3334 SAIDI n= 915
Mother-infant dyads screened for eligibilitya in hospital
NOURISH n= 4376 SAIDI Unknown
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condition likely to influence normal development, including feeding behaviour 338 
b Age ranges chosen within NOURISH RCT/ SAIDI to assess mother-child dyads during key developmental 339 
stages, 4-7 months: anticipating introduction of solids; 12-16 months: transition from milk-based diet of infancy 340 
to family foods, development of autonomy and independence, slowing of growth rate.    341 
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Table 1.  Characteristics of mothers and children (N=290). 342 
Characteristic Mean (sd)  n (%) 
Child age (months)  13.7 (1.3)  
Birthweight (kg) 3.5 (0.4)  
Weight-for-length z-scorea at 12-16 months of age 0.54 (0.85)  
Male gender  145 (50) 
Maternal BMI (kg/m2)b 26.0 (5.5)  
Maternal age at birth of child (years)  30.3 (5.0)  
Maternal tertiary educationc                                     176 (61) 
Family incomed ≥70,001 $AUD             178 (61) 
a Derived from WHO Anthro (2008), using measured length and weight 343 
b n=287 due to missing data 344 
c 40%of Australian women aged 25–29 years hold a bachelor degree or higher (Australian Bureau of Statistics 345 
2013) 346 
d Median gross income in Australia in 2008 - all household types = $67,000 (Australian Bureau of Statistics 347 
2009) 348 
 349 
 350 
  351 
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Table 2.  Comparison of actual child weight status,a with maternal perception of weight status in first-born Australian toddlers aged 12-
16 months of ageb (N=290) 
Number (%) of children within 
each category using WHO 
criteriaa 
Number of children perceived to be… 
Underweight Normal weight Somewhat overweight Very overweight Don’t know 
Underweight 0 (0) - - - - - 
Normal weight 209 (72) 28 176 3 0 2 
At risk  66 (23) 0 57 6 0 3 
Overweight  14 (4.8) 1 9 4 0 0 
Obese 1 (0.2) - - 0 1 - 
Total n (%) perceived to be… 29 (10) 242 (83) 13 (4.7) 1 (0.3) 5 (2) 
Mean WLZ (sd) of children 
perceived to be… 
-0.15(0.79) 0.54(0.78) 1.74(0.67)c  1.03(0.90) 
aWLZ derived from measured height and weight, classified using WHO standards (World Health Organisation 2006) - underweight: WLZ less than -2.01, normal weight: 
WLZ between -2 and 1, at risk of overweight: WLZ between 1.01 and 2, overweight: WLZ between 2.01 and 3, obese: WLZ greater than 3. 
bMean(sd) child age 13.7 (1.3) months; 50% male 
c Very overweight (n=1) combined with somewhat overweight due to only one response 
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Table 3. Characteristics associated with mother accurately perceiving child as normal 
weight (n=173) versus classifying child who is normal weight as underweight (n=28) or 
overweight/at risk as normal weight (n=66)  
Characteristics Normal weight child 
perceived as underweight 
Overweight/at risk child 
perceived as normal weight 
 Odds Ratio (95%CI) 
Child age (months) 0.80 (0.57-1.13) 1.19 (0.94-1.50) 
Birthweight (kg) 0.74 (0.27-2.04) 1.19 (0.60-2.38) 
Child gender; male 1.01 (0.44-2.28) 1.01 (0.56-1.80) 
Maternal BMI 1.01 (0.94-1.08) 1.06 (1.01-1.12)* 
Maternal age at child’s birth (years) 1.12 (1.03 – 1.22)* 0.97 (0.91-1.03) 
Maternal tertiary education  1.50 (0.64-3.52) 1.31 (0.71-2.43) 
Mean(sd) child age 13.7 (1.3) months; 50% male 
Referent group: mother accurately perceived child as normal weight (n=173) 
*p≤0.05; x2(12)=23.80, p=0.02, -2 Log likelihood=437.10, R2=0.10 (Nagelkerke) 
 
 
 
 
 
 
 
 
 
